We determined if the increased vascular responsiveness to endothelin-1 (ET-1) observed in male, but not in female, DOCA-salt rats is associated with differential vascular mRNA expression of ET-1 and/ or ET A /ET B receptors or with functional differences in Ca 2+ handling mechanisms by vascular myocytes. Uninephrectomized male and female Wistar rats received DOCA and drinking water containing NaCl/KCl. Control rats received vehicle and tap water. Blood pressure and contractile responses of endothelium-denuded aortic rings to agents which induce Ca 2+ influx and/or its release from internal stores were measured using standard procedures. Expression of mRNA for ET-1 and ET A /ET B receptors was evaluated by RT-PCR after isolation of total cell RNA from both aorta and mesenteric arteries. Systolic blood pressure was higher in male than in female DOCA rats. Contractions induced by Bay K8644 (which activates Ca 2+ influx through voltage-operated L-type channels), and by caffeine, serotonin or ET-1 in Ca 2+ -free buffer (which reflect Ca 2+ release from internal stores) were significantly increased in aortas from male and female DOCAsalt compared to control aortas. DOCA-salt treatment of male, but not female, rats statistically increased vascular mRNA expression of ET-1 and ET B receptors, but decreased the expression of ET A receptors. Molecular up-regulation of vascular ET B receptors, rather than differential changes in smooth muscle Ca 2+ handling mechanisms, seems to account for the increased vascular reactivity to ET-1/ET B receptor agonists and higher blood pressure levels observed in male DOCA-salt rats.
Introduction
Endothelin-1 (ET-1) is a potent vasoconstrictor peptide produced by endothelial and vascular smooth muscle cells and its effects are mediated by activation of ET A and ET B receptor subtypes. In the vascular system, ET A receptors are expressed in smooth muscle cells whereas ET B receptors are expressed predominantly in endothelial cells and, to a much lesser extent, in smooth muscle cells (1, 2) . Both ET A and ET B receptor subtypes can activate various signaling mechanisms in vascular smooth muscle, including i) G protein-mediated activation of phospholipase C, leading to phosphatidylinositol hydrolysis and formation of inositol trisphosphate (IP 3 ) and diacylglycerol, ii) increase in cytosolic free Ca 2+ concentration ([Ca 2+ ] i ), iii) activation of protein kinase C, and iv) changes in intracellular pH via stimulation of the Na + -H + exchanger (2, 3) . ET-1 typically mediates a biphasic [Ca 2+ ] i response consisting of a rapid initial transient phase and a sustained plateau phase. The first [Ca 2+ ] i transient is generated primarily by IP 3 -induced mobilization of intracellular Ca 2+ and, to a lesser extent, by Ca 2+ -induced Ca 2+ release. The second [Ca 2+ ] i phase, which appears to contribute to the sustained ET-1-induced vasoconstriction, depends on external Ca 2+ and is the result of transmembrane Ca 2+ influx, mainly through voltage-dependent L-type Ca 2+ channels (VOC), which may be directly or indirectly activated by ET-1 (3) (4) (5) .
We have recently shown that male, but not female, deoxycorticosterone acetate (DOCA)-salt rats exhibit increased vascular responsiveness to ET-1 and IRL-1620, a selective ET B receptor agonist, and we speculated that upregulation of ET B receptors or changes in the signaling pathways could be involved in this response (6) . Since male DOCA-salt rats exhibit increased vascular ET-1 expression (7, 8) , changes in the ratio of ET A /ET B receptors (9,10) and altered Ca 2+ control mechanisms, such as increased transmembrane flux of Ca 2+ and greater Ca 2+ mobilization from internal stores (11, 12) , in the present study we determined if increased vasoconstriction in response to ET-1/IRL-1620 in male, but not female, DOCA-salt rats is associated with differential vascular expression of mRNA for ET-1 and ET A /ET B receptors or with functional differences in Ca 2+ handling mechanisms by vascular myocytes.
Material and Methods

DOCA-salt-induced hypertension and vascular reactivity in isolated vessels
DOCA-salt hypertension was induced in male and female 8-week-old Wistar rats as previously described (6) . Systolic blood pressure (SBP) was measured by the standard tail-cuff method (PowerLab 4/S, ADInstruments Pty Ltd., Castle Hill, Australia) in conscious restrained rats. Endothelium-denuded aortas from control and DOCA-salt rats were used to evaluate vascular reactivity to caffeine (5-30 mM), which releases Ca 2+ from intracellular stores by an IP 3 -independent mechanism (13) and to Bay K8644 (10 -10 to 3 x 10 -5 M), which activates Ca 2+ influx through VOC (14) . Functional assessment of Ca 2+ uptake into the sarcoplasmic reticulum (SR) and caffeine-or agonist-induced intracellular Ca 2+ mobilization were also evaluated as described elsewhere (12) . Briefly, the arteries were stimulated with norepinephrine (3 µM) and allowed to reach a plateau. Ca 2+ -free buffer was then introduced into the muscle bath for 15 min. After this depletion period, 1.6 mM Ca 2+ buffer was placed in the muscle bath for 15 min (loading period). Ca 2+ -free buffer was then reintroduced into the bath and allowed to equilibrate for 1 min before 20 mM caffeine was added. Transient contractions in Ca 2+ -free buffer upon agonist stimulation, an indirect measurement of IP 3 -dependent Ca 2+ release from the SR, were also elicited by both ET-1 (10 nM) and serotonin (5-HT, 3 µM).
The experimental protocols used in the present study followed the standards and policies of the Committee on Animal Care and Use of the University of São Paulo.
Reverse transcriptase-polymerase chain reaction
Total cell RNA was isolated from aorta and mesenteric arteries using Trizol Reagent (Gibco BRL, Life Technologies, Rockville, MD, USA). After DNA digestion (RQ1 DNAse RNAse-free, Promega Corporation, Madison, WI, USA), total RNA (20 ng per sample) was used for reverse transcriptase (RT) in the presence of an RNase inhibitor (RnasIn ® , Promega Corporation), 200 U of Moloney murine leukemia virus RT (Gibco BRL) and 1 µg of oligo (dT)12-18 primer at 37ºC for 60 min, according to manufacturer specifications. The cDNA products were isolated by phenol-chloroform extraction, precipitated with ethanol, resuspended in 120 µl TE (10 mM Tris-HCl and 1 mM EDTA, pH 7.5) and stored at -20ºC until required for the polymerase chain reaction (PCR). PCR primers were designed on the basis of published rat cDNA sequences for glyceraldehyde 3-phosphate dehydrogenase (GAPDH), ET-1, and ET A /ET B receptors, and are as follows: ET-1, antisense primer CTCGCTCT ATGTAAGTCATGG, sense primer GCTC CTGCTCCTCCTTGATG, which should amplify a 471-bp fragment; ET A , antisense primer CTGTGCTGCTCGCCCTTGTA, sense primer GAAGTCGTCCGTGGGCA TCA (216-bp fragment); ET B , antisense primer CACGATGAGGACAATGAGAT, sense primer TTACAAGACAGCCAAA GACT (565-bp fragment); GAPDH, antisense primer CACCACCCTGTTGCTGTA, sense primer TATGATGACATCAAGAA GGTGG (219-bp fragment). GAPDH was used as an internal control for the co-amplification. In order to identify the optimal amplification conditions, a series of pilot studies were performed using a thermal cycler with a temperature gradient in the annealing step (Eppendorf Mastercycler gradient, Eppendorf-Netheler-Hinz, Hamburg, Germany), various amounts of RT products from 2 to 200 ng RNA, and 20-35 cycles of PCR amplification. The following conditions were selected for PCR in a volume of 50 µl: RT products from 20 ng of RNA, 2.5 U Taq polymerase (Gibco BRL), 28 cycles of amplification for ET-1, 25 cycles for ET A and ET B receptor genes, and 20 cycles for the GAPDH gene. Amplification was carried out using an initial denaturing cycle at 94ºC for 5 min and the subsequent cycles as follows: denaturation, 30 s at 94ºC; annealing, 30 s at 55ºC (ET-1, ET B ) or 60ºC (ET A , GAPDH), and extension, 45 s at 72ºC. PCR products (10 µl per lane) were electrophoresed using 1% agarose gel containing ethidium bromide (0.5 µg/ml). The gel was subjected to ultraviolet light and photographed. The band intensities were measured using a software package (Kodak Digital Science, Eastman Kodak Company, New Haven, CT, USA) and the signals are reported relative to the intensity of GAPDH amplification in each co-amplified sample.
Drugs
DOCA, chloral hydrate, 5-hydroxytryptamine (serotonin), and caffeine were purchased from Sigma (St. Louis, MO, USA), and Bay K8644 was from Calbiochem Corporation (La Jolla, CA, USA).
Data analysis and statistical evaluation
Values are reported as means ± SEM. EC 50 (i.e., the concentration of agonist producing 50% of maximal contraction) and maximal responses were estimated by linear regression analysis (fitted to the Hill equation) from log concentration-response curves and expressed as -log EC 50 (pD 2 values), and percent of maximal response, respectively. Data were analyzed statistically by two-way ANOVA followed by the multiple comparison Bonferroni test (SigmaStat ® , version 2.0, Jandel Scientific Software), with the level of significance set at P<0.05.
Results
At 6 weeks of DOCA-salt treatment, systolic blood pressure was significantly elevated in both male and female rats relative to their respective time-matched controls (males 192 ± 6 vs 121 ± 4 mmHg, N = 18-20; females 165 ± 8 vs 119 ± 3 mmHg, N = 16). Systolic blood pressure was higher in male than in female DOCA-salt-treated rats.
Gender differences in Ca 2+ handling mechanisms
After the equilibration period, vessels were initially contracted with 90 mM KCl. Responses of aortic rings to 90 mM KCl were similar in control (males 2.6 ± 0.4 g vs females 2.8 ± 0.3 g, N = 8) and DOCA-salt rats (males 2.9 ± 0.4 g vs females 2.7 ± 0.5 g, N = 8). Figure 1 illustrates the vascular responses to Bay K8644 and caffeine. Aortas from both male and female DOCA-salt rats showed significantly greater contractions to Bay K8644 than control aortas (P<0.05). Maximum responses, expressed as percentages of KCl-induced contraction, were: control, males 31 ± 6% vs females 25 ± 5% (N = 8) and DOCA-salt, males 100 ± 9% vs females 97 ± 6% (N = 9 and 8, respectively). Caffeine-induced contractions were also similarly enhanced in aortas from male and female DOCA-salt rats in comparison to their respective controls (P<0.05; maximum responses: control, males 38 ± 3% vs females 32 ± 2%, N =10; DOCA-salt, males 63 ± 5% vs females 53 ± 4%, N = 9 and 10, respectively). caffeine/IP 3 -independent pathway and by an agonist/IP 3 -dependent pathway. After initial stimulation with norepinephrine (3 µM), vessels were washed in Ca 2+ -free buffer for 15 min in order to deplete intracellular Ca 2+ stores. Vessels were subsequently exposed to Ca 2+ -containing buffer for 15 min to reload intracellular Ca 2+ stores and then stimulated with ET-1 (10 nM), 5-HT (3 µM) or caffeine (20 mM) after a 1-min exposure to Ca 2+ -free buffer. Under these conditions, agonist-induced contraction is an indirect measurement of the buffering capacity of the SR and also reflects agonist-induced intracellular Ca 2+ mobilization. Arteries from male DOCA-salt rats exhibited spontaneous contractions during the loading period (6.4 ± 2.4% change from basal tonus), which were not observed in control arteries. Aortas from male DOCA-salt rats also exhibited greater contractions in response to ET-1 in comparison to control arteries (51 ± 4 vs 9 ± 3%, N = 11 and 10; P<0.05). Similar alterations were observed in aortas from female DOCA-salt rats, which displayed a 7.6 ± 3.5% change in basal tonus and greater contractions to ET-1 in comparison to their respective controls (40 ± 4 vs 8 ± 3%, N = 8; P<0.05). Likewise, preparations from both male and female DOCA-salt-treated rats displayed greater contractions to both 5-HT and caffeine when compared to those from their respective time-matched control groups (5-HT: males 34 ± 4 vs 19 ± 3%, females 39 ± 3 vs 18 ± 3%, N = 10-11; caffeine: males 31 ± 5 vs 11 ± 2%, females 32 ± 5 vs 12 ± 3%, N = 6-8; P<0.05 for each comparison).
Gender differences in ET-1 and ET A /ET B receptor mRNA expression
The results obtained by RT-PCR showing expression of mRNA for ET-1, ET A and ET B receptors in aortas and mesenteric arteries from male and female control and DOCA-salt rats are shown in Figure 3 . DOCA-salt treatment significantly increased ET-1 mRNA expression both in the aorta and mesenteric arteries from male rats, while no significant changes were observed in the same vessels from female rats. A tendency to decreased ET A receptor mRNA expression was observed in the aorta and in the mesenteric artery in the male DOCA-salt group (P = 0.052 and P = 0.06, respectively), while no changes were observed in the female DOCA-salt group. A significant increase in the mRNA expression of the ET B receptor subtype was observed in both arteries from male DOCA-salt rats, but not in female DOCA-salt vessels. Figure 2 . Ca 2+ uptake into the sarcoplasmic reticulum and agonist-induced Ca 2+ release. Aortas from male (left) and female (right) control and deoxycorticosterone acetate (DOCA)-salt hypertensive rats were stimulated with norepinephrine (NE, 3 µM) and allowed to reach a plateau. Ca 2+ -free buffer was then introduced into the muscle bath for 15 min. After this depletion period, 1.6 mM Ca 2+ buffer was placed in the muscle bath for 15 min (loading period). Ca 2+ -free buffer was then reintroduced into the bath and allowed to equilibrate for 1 min before an agonist (10 nM endothelin) was added. All responses are reported as percent of the initial response to KCl in 1.6 mM Ca 2+ . Tracings are representative of 8-11 experiments.
Discussion
We have demonstrated that male DOCAsalt rats display increased vascular sensitivity to ET-1 and to IRL-1620, an ET B receptor agonist which induces contraction in aortas from male DOCA-salt rats, but not in preparations from control or female DOCA-salt animals (6). These gender-related differences in ET-1/IRL-1620 vascular reactivity were also observed in the mesenteric microcirculation in vivo, where IRL-1620 induces vasodilatation in control rats, vasoconstriction in male DOCA-salt rats, and minimal changes in vessel diameter in female hypertensive rats (6) . In the current study we investigated whether the increased ET-1/ET B receptormediated vascular responses observed in male, but not in female, DOCA-salt rats are associated with gender differences in the vascular mRNA expression of ET-1 and ET A / ET B receptors and/or with functional differences in Ca 2+ handling mechanisms by vascular myocytes. The rationale was based on the observations that i) changes in both receptor function or intracellular Ca 2+ regulation are implicated in altered vascular reactivity in hypertension; ii) a defect in intracellular Ca 2+ regulation, characterized by increased basal tone, increased L-type Ca 2+ channel activity and altered mobilization of Ca 2+ from intracellular stores, has been extensively described in the vasculature of male DOCA-salt hypertensive rats (11, 12, 15) ; iii) ET-1 has been shown to exert a wide range of effects on some of these defective mechanisms, activating Ca 2+ influx mainly through VOC and also stimulating IP 3 -dependent and (to a lesser extent) IP 3 -independent Ca 2+ release from intracellular stores (3-5); 
